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LIQUID-GAS MIXER AND TURBULATOR 
THEREFOR 


GOVERNMENT CONTRACT 


This invention was made with government support under 
Contract No. NNC1OCA11C awarded by NASA. The Gov- 
ernment has certain rights in this invention. 


BACKGROUND 


Industrial burners and engines, such as gas turbine 
engines, include combustors having liquid-gas mixers, such 
as fuel injectors, configured to mix a liquid, such as fuel, and 
gas, such as air, prior to combustion, for example. Some 
known liquid-gas mixers are configured to disturb a flow of 
gas, and to spray liquid into the disturbed gas. One known 
type of liquid-gas mixer includes a plate with a plurality of 
apertures, such that gas is disturbed as it passes through the 
apertures in the plate. Other liquid-gas mixers include swirl- 
ers configured to swirl a gas flow about an axis of the mixer. 


SUMMARY 


Disclosed is a liquid-gas mixer including a central pas- 
sageway provided about an injector axis, and first and 
second gas passageways. The first gas passageway is radi- 
ally outward of the central passageway and radially inward 
of the second gas passageway. A turbulator is provided 
between the first and second gas passageways. The turbu- 
lator includes a plurality of first disturbance generators and 
a plurality of second disturbance generators. The first and 
second disturbance generators are provided about the tur- 
bulator in an alternating arrangement. 

In a further non-limiting embodiment of the foregoing 
liquid-gas mixer, the turbulator includes a main body portion 
having a free end and an end supported by a strut, the first 
and second disturbance generators extending in opposite 
directions from the free end of the main body portion. 

In a further non-limiting embodiment of either of the 
foregoing liquid-gas mixers, the first disturbance generators 
extend radially inward from the free end of the main body 
portion into the first gas passageway. 

In a further non-limiting embodiment of any of the 
foregoing liquid-gas mixers, the second disturbance genera- 
tors extend radially outward from the free end of the main 
body portion into the second gas passageway. 

In a further non-limiting embodiment of any of the 
foregoing liquid-gas mixers, adjacent ones of the first dis- 
turbance generators are spaced apart by one of the second 
disturbance generators. 

In a further non-limiting embodiment of any of the 
foregoing liquid-gas mixers, the central passageway is con- 
figured to receive a flow of liquid, and wherein the first and 
second gas passageways are configured to receive respective 
gas flows. 

In a further non-limiting embodiment of any of the 
foregoing liquid-gas mixers, the first and second disturbance 
generators are curved tabs. 

In a further non-limiting embodiment of any of the 
foregoing liquid-gas mixers, the first and second disturbance 
generators are curved about respective curvature axes, the 
curvature axes being perpendicular to the injector axis. 

Further disclosed is a mixer including a mixing chamber 
configured to collect liquid and gas, a central passageway 
provided about an injector axis, and a first gas passageway 
and a second gas passageway. The first gas passageway is 
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radially outward of the central passageway and radially 
inward of the second gas passageway. Further, a turbulator 
is provided between the first and second gas passageways. 
The turbulator includes a plurality of first disturbance gen- 
erators and a plurality of second disturbance generators. The 
first and second disturbance generators are provided about 
the turbulator in an alternating arrangement. 

In a further non-limiting embodiment of the foregoing 
mixer, the turbulator includes a main body portion having a 
free end and an end supported by a strut, the first and second 
disturbance generators extending in opposite directions from 
the free end of the main body portion. 

In a further non-limiting embodiment of either of the 
foregoing mixers, the liquid is fuel and wherein the gas is air. 

In a further non-limiting embodiment of either of the 
foregoing liquid-gas mixers, the mixer further includes a 
central housing defining the central passageway, a mixing 
chamber housing defining the mixing chamber, and a strut 
connecting the central housing and the mixing chamber 
housing, the turbulator extending from the strut. 

In a further non-limiting embodiment of either of the 
foregoing liquid-gas mixers, the first gas passageway is 
provided radially inward of the turbulator and radially 
outward of the central housing. 

In a further non-limiting embodiment of either of the 
foregoing liquid-gas mixers, the second gas passageway is 
provided radially outward of the turbulator and radially 
inward of the mixing chamber housing. 

In a further non-limiting embodiment of either of the 
foregoing liquid-gas mixers, adjacent first disturbance gen- 
erators are spaced apart by one of the second disturbance 
generators. 

In a further non-limiting embodiment of either of the 
foregoing liquid-gas mixers, the first and second disturbance 
generators are curved about respective curvature axes, the 
curvature axes being perpendicular to the injector axis. 

Further disclosed is a method of mixing fuel and air for 
combustion. The method includes establishing a flow of fuel 
through a central passageway, establishing first and second 
air flows through first and second air passageways, respec- 
tively, and generating a plurality of vortexes in the first and 
second airflows. A turbulator generates the vortexes with a 
plurality of first disturbance generators and a plurality of 
second disturbance generators. The first and second distur- 
bance generators are provided about the turbulator in an 
alternating arrangement. 

In a further non-limiting embodiment of the foregoing 
method of mixing fuel and air for combustion, each of the 
first and second disturbance generators creates two oppo- 
sitely-rotating vortexes. 

In a further non-limiting embodiment of either of the 
foregoing methods of mixing fuel and air for combustion, 
the method further includes spraying the fuel toward the 
plurality of vortexes to mix the fuel with the first and second 
airflows. 

In a further non-limiting embodiment of either of the 
foregoing methods of mixing fuel and air for combustion, 
the method further includes combusting the fuel-air mixture. 

These and other features of the present disclosure can be 
best understood from the following drawings and detailed 
description. 


BRIEF DESCRIPTION OF THE DRAWINGS 


The drawings can be briefly described as follows: 
FIG. 1 is a cross-sectional view illustrating an example 
liquid-gas mixer. 
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FIG. 2 is a perspective, cross-sectional view of the 
liquid-gas mixer of FIG. 1. 

FIG. 3 is a close-up view showing the detail of the 
disturbance generators from FIG. 1. 


DETAILED DESCRIPTION 


FIG. 1 illustrates an example liquid-gas mixer 10. In this 
example, the liquid-gas mixer 10 is a fuel injector incorpo- 
rated into a combustor of a gas turbine engine. In other 
examples, the liquid-gas mixer 10 is included in an industrial 
burner, or into the combustor of a rocket engine. The 
liquid-gas mixer 10 can be made of any suitable material, 
such as a high strength steel or a ceramic material. 

The example liquid-gas mixer 10 is provided about a 
mixer axis A,, and includes a central, liquid passageway 12 
within a central housing 14. In this example, where the 
liquid-gas mixer 10 is a fuel injector, the liquid is fuel. The 
central housing 14 is connected to a mixing chamber hous- 
ing 16 by way of a plurality of struts 18, and the mixing 
chamber housing 16 provides a mixing chamber 20 therein. 
A turbulator 22 provided radially between the central hous- 
ing 14 and the mixing chamber housing 16 extends down- 
ward from the struts 18 and into the mixing chamber 20. 

The turbulator 22 includes a main body portion 24, and a 
plurality of first and second disturbance generators 26, 28 at 
a free end of the main body portion 24. The first and second 
disturbance generators 26, 28 are provided in an alternating 
arrangement such that adjacent first disturbance generators 
26 are spaced apart by a second disturbance generator 28. 

As best seen in FIG. 2, the turbulator 22 is positioned 
relative to the strut 18 so as to provide two gas passageways 
23, 25 on either side thereof. In this example, where the 
liquid-gas mixer 10 is a fuel injector, the gas is air or some 
other type of oxidizer. As illustrated, a first gas passageway 
23 is provided radially outward (e.g., relative to the injector 
axis A,) of both the liquid passageway 12 and the central 
housing 14, and radially inward of the turbulator 22. A 
second gas passageway 25 is provided radially outward of 
the turbulator 22 and radially inward of the mixing chamber 
housing 16. 

The first disturbance generators 26 extend from the free 
end of the main body portion 24 radially inward, toward the 
injector axis A, and into the first gas passageway 23. The 
second disturbance generators 28, on the other hand, extend 
from the free end of the main body portion 24 radially 
outward, away from the axis of the injector A, and into the 
second gas passageway 25. 

In this example, the first and second disturbance genera- 
tors 26, 28 are curved tabs. As shown in FIG. 3, the first 
disturbance generators 26 are curved about respective first 
axes of curvature C, that are perpendicular to the injector 
axis A,. Likewise, the second disturbance generators 28 are 
curved about second axes of curvature C, that are also 
perpendicular to the injector axis A;. The disturbance gen- 
erators 26, 28 do not need to be curved, however, and can 
instead extend from the main body portion 24 in an angled, 
but flat orientation. Further, the disturbance generators 26, 
28 do not need to be tabs, and can be any structures provided 
in an alternating arrangement, including alternating conical 
structures. 

With reference to FIG. 1, the liquid-gas mixer 10 is in 
communication with a liquid source 30, and a gas source 32. 
The liquid and gas sources 30, 32 are in turn in communi- 
cation with a controller 34. Again, in this example, the liquid 
is a fuel and the gas is air, however this application is not 
limited to fuel and air. The controller 34 can be any type of 
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known controller, such as a computer including a processor 
and a computer readable medium, configured to control 
operation of the liquid source 30 and gas source 32 in a 
desired manner. 

Liquid F is provided from the liquid source 30 to the 
liquid passageway 12 and flows downstream to a spray tip 
36. The spray tip 36 directs the liquid F toward the mixing 
chamber 20 where the liquid F mixes with gas from the gas 
source 32. In one example, the liquid source 30 is controlled 
with the controller 34 such that the liquid F mixes with the 
gas at a point directly below the turbulator 22. While a spray 
tip 36 is shown, this application extends to examples that do 
not include spray tips. 

The gas source 32 is controlled to provide gas into the first 
and second gas passageways 23, 25. In this example, the 
main body portion 24 of the turbulator 22 acts to bifurcate 
the gas from the gas source 32 into first and second gas flows 
A,, A>, which flow through the first and second passageways 
23, 25, respectively. The first gas flow A; is disturbed by the 
first disturbance generators 26. The second disturbance 
generators 28 likewise disturb the second gas flow A,. The 
detail of this interaction between the gas flows A,, A, and 
the disturbance generators 26, 28 is illustrated in FIG. 3 and 
discussed below. 

Turning to FIG. 3, the edges E, and E, of the first 
disturbance generator 26 cause the first gas flow A, to spin 
into two vortexes, V, and V,, respectively. As illustrated, the 
vortexes V, and V, spin initially toward the middle of the 
ramp R created by the first disturbance generator 26, in 
opposite directions to one another, which leads to enhanced 
mixing. Similarly, the second gas flow A, is spun about 
vortexes V, and V, by way of the edges E, and E, of the 
second disturbance generator 28. 

The above-discussed arrangement of the first disturbance 
generators 26 relative to the second disturbance generators 
28 leads to enhanced mixing between the liquid F and the 
gas flows A,, A, in the mixing chamber 20, prior to com- 
bustion. Downstream of the mixing chamber 20, the liquid- 
gas mixture flows to a combustion chamber 38 where the 
mixture is efficiently combusted and used for propulsion, for 
example. 

It should be understood that while this application makes 
references to a “liquid passageway” and “gas passageways,” 
that the fluids flowing through these passageways could be 
reversed (e.g., the gas could flow through the “liquid pas- 
sageway” and vice versa) without compromising the mixing 
between the two fluids. Additionally, it is not necessary for 
the fuel to be liquid and the air to be gas, and in one example 
the above-described liquid-gas mixer can be used to effec- 
tively mix a liquid oxidizer and a gaseous fuel. Further, 
while reference herein has been made to “fuel” and “air,” it 
should be understood that this application extends to other 
types of liquids and gasses, respectively. 

It should further be understood that, although the figures 
have illustrated the liquid-gas mixer 10 as being generally 
cylindrical, oriented about the axis A,, the turbulator 22 
could be provided in any shape, including being generally 
flat, as long as the turbulator includes alternating first and 
second disturbance generators 26, 28 to disturb flows on 
either side thereof to improve mixing between a liquid and 
a gas. 

Although the different examples have the specific com- 
ponents shown in the illustrations, embodiments of this 
invention are not limited to those particular combinations. It 
is possible to use some of the components or features from 
one of the examples in combination with features or com- 
ponents from another one of the examples. 
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One of ordinary skill in this art would understand that the 
above-described embodiments are exemplary and non-lim- 
iting. That is, modifications of this disclosure would come 
within the scope of the claims. Accordingly, the following 
claims should be studied to determine their true scope and 
content. 

What is claimed is: 

1. A liquid-gas mixer comprising: 

a central passageway provided about an injector axis; 

a first gas passageway and a second gas passageway, the 
first gas passageway radially outward of the central 
passageway and radially inward of the second gas 
passageway; and 

a turbulator provided between the first and second gas 
passageways, the turbulator including a plurality of first 
disturbance generators and a plurality of second dis- 
turbance generators, the first and second disturbance 
generators provided about the turbulator in an alternat- 
ing arrangement; and 

wherein the first and second disturbance generators are 
curved tabs, each of the first disturbance generators 
curved about an axis of curvature located on the same 
side of the turbulator as the first air passageway, and 
each of the second disturbance generators curved about 
an axis of curvature located on the same side of the 
turbulator as the second air passageway. 

2. The liquid-gas mixer as recited in claim 1, wherein the 
turbulator includes a main body portion having a free end 
and an end supported by a strut, the first and second 
disturbance generators extending in radially opposite direc- 
tions from the free end of the main body portion. 

3. The liquid-gas mixer as recited in claim 2, wherein the 
first disturbance generators extend radially inward from the 
free end of the main body portion into the first gas passage- 
way. 

4. The liquid-gas mixer as recited in claim 3, wherein the 
second disturbance generators extend radially outward from 
the free end of the main body portion into the second gas 
passageway. 

5. The liquid-gas mixer as recited in claim 2, wherein 
adjacent ones of the first disturbance generators are spaced 
apart by one of the second disturbance generators. 

6. The liquid-gas mixer as recited in claim 1, wherein the 
central passageway is configured to receive a flow of liquid, 
and wherein the first and second gas passageways are 
configured to receive respective gas flows. 

7. A mixer comprising: 

a mixing chamber configured to collect liquid and gas; 

a central passageway provided about an injector axis; 

a first gas passageway and a second gas passageway, the 
first gas passageway radially outward of the central 
passageway and radially inward of the second gas 
passageway; and 

a turbulator provided between the first and second gas 
passageways, the turbulator including a plurality of first 
disturbance generators and a plurality of second dis- 
turbance generators, the first and second disturbance 
generators provided about the turbulator in an alternat- 
ing arrangement; 

wherein the turbulator includes a main body portion 
having a free end and an end supported by a strut, the 
first and second disturbance generators extending in 
radially opposite directions from the free end of the 
main body portion; and 

wherein the first and second disturbance generators are 
curved tabs, each of the first disturbance generators 
curved about an axis of curvature located on the same 
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side of the turbulator as the first air passageway, and 
each of the second disturbance generators curved about 
an axis of curvature located on the same side of the 
turbulator as the second air passageway. 
5 8. The mixer as recited in claim 7, wherein the liquid is 
fuel and wherein the gas is air. 

9. The mixer as recited in claim 7, further including: 

a central housing defining the central passageway; 

a mixing chamber housing defining the mixing chamber; 

and 

a strut connecting the central housing and the mixing 

chamber housing, the turbulator extending from the 
strut. 

10. The mixer as recited in claim 9, wherein the first gas 
passageway is provided radially inward of the turbulator and 
radially outward of the central housing. 

11. The mixer as recited in claim 10, wherein the second 
gas passageway is provided radially outward of the turbu- 
20 lator and radially inward of the mixing chamber housing. 

12. A method of mixing fuel and air for combustion, 
comprising: 
establishing a flow of fuel through a central passageway; 
establishing first and second air flows through first and 
25 second air passageways, respectively; and 
generating a plurality of vortexes in the first and second 
airflows, wherein a turbulator generates the vortexes 
with a plurality of first disturbance generators and a 
plurality of second disturbance generators, the first and 
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20 second disturbance generators provided about the tur- 
bulator in an alternating arrangement, wherein the first 
and second disturbance generators are curved tabs, 
each of the first disturbance generators curved about an 

58 axis of curvature located on the same side of the 


turbulator as the first air passageway, and each of the 
second disturbance generators curved about an axis of 
curvature located on the same side of the turbulator as 
the second air passageway. 

4013. The method as recited in claim 12, further including 
spraying the fuel toward the plurality of vortexes to mix the 
fuel with the first and second airflows. 

14. The method as recited in claim 13, further including 
combusting the fuel-air mixture. 

45 15. The liquid-gas mixer as recited in claim 1, further 

including a central housing defining the central passageway, 

a mixing chamber housing defining a mixing chamber, and 

a strut connecting the central housing and the mixing 

chamber housing, the turbulator extending from the strut. 

16. The liquid-gas mixer as recited in claim 15, wherein 
the first gas passageway is provided radially inward of the 
turbulator and radially outward of the central housing, and 
wherein the second gas passageway is provided radially 
outward of the turbulator and radially inward of the mixing 
chamber housing. 

17. The liquid-gas mixer as recited in claim 1, wherein the 
turbulator is configured to generate at least one vortex in the 
first gas passageway and at least one other vortex in the 
second gas passageway. 

18. The liquid-gas mixer as recited in claim 15, wherein 
the turbulator includes a main body portion having a free end 
opposite the strut, the first and second disturbance genera- 
tors extending in radially opposite directions from the free 
end of the main body portion, the free end spaced-apart from 
both the central housing and the mixing chamber housing. 
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